We describe the application of synchrotron X-ray diff raction and neutron micro-tomography to three ancient bronze coins from the Mediterranean coast of Israel. Key questions are whether neutron tomography can contribute to the reading of features on corroded coins by allowing the corrosion crust to be stripped away in cyber-space using surface and volume rendering techniques, and to what extent this type of non-destructive measurement can inform possible conservation action. In addition, the X-ray diffraction experiments allow the main composition of the varicolored surface corrosion to be deduced. We show that both X-ray and neutron data are of considerable help to numismatic study of the coins.
Introduction
Ancient metal artefacts are usually found covered with a crust of corrosion in which some of the burial medium may be embedded. Since conversion of a metal to a corrosion product usually involves considerable swelling of the surface, relatively undamaged artefacts may be concealed beneath crusts of a millimeter or so in thickness.
Using three untreated coins with diff erent degrees of corrosion we explore the hypothesis that neutron micro-tomography (n-μT) might be used to obtain a complete 3-D volumetric absorption map of the artefact in its as-found condition, and then volume and surface rendering techniques, common in tomography, could be used to distin-guish between remaining metal and corrosion crusts. With suffi cient resolution, it might even be possible to read the inscriptions on an artefact such as a coin, without disturbing the corrosion, or at least obtain more information as to the original nature of the artefact.
Since the crusts on the coins exhibited quite distinct patches of red, red-orange, grey-green and black corrosion, we decided to use synchrotron X-ray diff raction (SR-XRD) to look at the average composition of the top 10 μm or so of each. Because of the speed inherent to the combination of synchrotron X-ray intensity (~10 12 photons s -1 ) and the use of an area detector, we could obtain a good survey of the coins in an hour of beam time. In future work, it may be possible to correlate the specifi c nature of the corrosion with the neutron absorption, and this is demonstrated to some extent here.
Description of the coins
Th e three coins (designated A, B and C) are discussed in chronological order, starting from the oldest. Photographs of the obverse (front side of the coin) and the reverse (back side of the coin) are shown in fi gure 1 and Figure I * . Coin B was found in the old city of Caesarea Maritima and dates to ca 610-641 ce. Th e coin is severely corroded, having a red-orange crust with patches of grey-green, and no obvious surface marks are preserved. Its visual identifi cation is therefore somewhat conjectural. We suggest that it is a Byzantine coin minted under Heraclius. Coin A was found at the city of Átlit. It is in a better state of preservation. Th e corrosion is thin, but again red-orange with diff use black and grey green regions. Nevertheless, it is easier to attribute to the ArabByzantine transition period of the mid seventh century ce. Coin C was also found at the city of Átlit. Th e corrosion on the two faces is diff erent, and intermediate in thickness to that on coins A and C. One face is similar in appearance to the other coins, whilst the other is covered with a redder patina with a black ground. Th is may indicate that one side of the coin was burnt. Th e identifi cation of this coin as Islamic is possible only due to the tomographic image (see later) which revealed the Arabic letters under the corrosion. A detailed numismatic report of the three coins can be found in Table 1. 
